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The mechanism(s) by which the plant growth regulator, indole
3-acetic acid (IAA) controls morphogenesis continues to be a point of
intense interest and research* This study of isoenzyme profiles of IAA
and water treated coleorhiza-epiblast of unirradiated and gamma irradi
ated wheat seedlings should increase our understanding of the mechanism
by which IAA influences growth and differentiation. Specifically, the
hypothesis that IAA influences growth and differentiation by affecting
enzyme activity was tested. Such hormonal control would involve quali
tative and/or quantitative modulation of enzyme systems.
Various studies have demonstrated that qualitative and quantita
tive protein and isoenzyme changes are sensitive indicators of changes
in metabolic control and differentiation. Differences in the protein
patterns between the meristernatic and mature cells of the root of pea
seedlings and various organs of the seedling have been observed.
Different protein patterns were found to be characteristic of different
stages of development within the same organ (Steward et al.» 1965).
Changes in the protein complement of cells as they develop support the
view that cell growth and development is characterized by a succession
of metabolic states. These metabolic states are in turn the result of
a succession of enzymic states. More explicitly, changes in the pro
tein constitution of various tissues during the early growth of wheat
have been investigated. Macko, Honold and Stahmann (1967) observed
differences in the zymographs of extracts from dormant seeds*
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germinating seeds, the coleoptile and the first leaf of wheat seedlings.
Quantitative and qualitative differences were detected in dehydrogenases,
peroxidase and esterase patterns.
IAA is known to play a role in the differentiation of plant cells,
For instance, the addition of small quantities of IAA has been shown to
enhance growth in proportion to the concentration added within certain
limits. Usually an optimum concentration is attained and further in
creases inhibit growth. Auxins such as IAA influence dominance by
apical buds, regulate leaf and fruit abscission, and, in high concen
trations, can cause callus tissue to give rise to organized roots
(Galston, 1969). IAA is known to induce proliferation of cells result
ing in the formation of adventitious roots, calluses and tumors. IAA
at a concentration of a mM greatly stimulates growth of the coleorhiza-
epiblast while inhibiting growth of seminal roots in wheat seedlings.
IAA dependent "tumors" or cell enlargements appear as a gelatinous mass
(Haber, 1962).
Little is known of the biochemical effects of IAA on plant
systems. Theoretically, biochemical studies such as the electrophoretic
characterization of isoenzymes from IAA treated tissue are of value
because they permit one to determine whether it regulates enzyme acti
vity. It has been indicated that hormones may play a role in cellular
differentiation by "turning genes off and on". Since the activation
and repression of genes is manifested in the synthesis of specific
proteins (enzymes), characterization of isoenzymes in the IAA treated
tissue should add to our knowledge of the raechanism(s) of hormonal
control.
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In the unirradiated seedling, the growth in the epiblast, coleo-
rhiza, and coleoptile is by cell enlargement entirely, but growth in
the other parts involves both cell enlargement and cell division. To
insure that changes in metabolic control accompanying cell enlargement
solely were being studied, the same enzymes were studied in gamma
irradiated tissue. The gamma seedlings used in this study are advan
tageous since all of their growth is by cell enlargement. Irradiation
with 800 kilorads of gamma rays blocks mitosis in all cells of the
wheat embryo, but the embryo does grow and externally resembles seed
lings from unirradiated grain except that they are shorter. In short,
gamma seedlings are differentiated and carry out chlorophyll develop
ment, photosynthesis and other physiological processes. The cells of
gamma plantlets do not synthesize DNA and do not undergo mitosis. How
ever, they do synthesize RNA and at relative growth periods are compar
able to unirradiated seedlings in terms of morphological and physiologi
cal development (Haber and Foard, 1964i Long and Haber, 1965).
The enzymes selected for study were peroxidase, malate dehydro-
genase (MDHj and esterases. Peroxidases were selected because it is
well known that changes in peroxidase levels occur during differentia
tion. Several studies have revealed peroxidase change in the host
following infection by viruses, bacteria and fungi (Van Fleet, 1959;
Jensen, 1955). Another reason for selecting the peroxidase for con
sideration is that the enzyme IAA oxidase is thought to be a peroxidase
in nature (Retig, Nira and Rudich, 1972). MDH was selected because of
its involvement in the oxidation of malic acid to oxaloacetic acid.
Therefore, changes in its activity indicate changes in respiratory
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control. Esterases were chosen because these enzymes have also been
shown to be sensitive indicators of differentiation and neoplastic
transformation (Jooste and Moreland, 1963).
In summary, this study was designed to provide information rela
tive to changes in metabolic control triggered by the hormone indole
3-acetic acid during the growth of a tissue in which the growth is by
cell enlargement. The hypothesis that IAA can influence differentia
tion in plant tissue by regulating enzyme activity is investigated.
CHAPTER II
REVIEW OF LITERATURE
Cell growth and development are considered to be products of
changing metabolic states. These changing metabolic states are due to
differences in enzyme composition and/or activity. Therefore, the
process of differentiation involves a succession of different enzymic
states. Differences in enzyme composition are due to differential gene
activation since the cells of tissues contain at all times the same
genetic complement. It follows then that our understanding of the
nature of the process of growth and differentiation rests on the eluci
dation of the means by which the type and quantity of protein made by
cells is controlled (Davidson, 1965).
Proteins owe their properties and specificity to the sequence of
amino acids in their primary structure. This sequence of amino acids
is determined by the sequence of nucleotides in mRNA which is in turn
dictated by the nucleotide sequence in a DNA segment. Results of some
studies demonstrate the ability of genes to control the activities of
differentiated cells. Genes accomplish this control by dictating the
type of enzymes found in the cell. Active genes release genetic in
formation governing such processes as cellular metabolism and differ
entiation in the form of mRNA. It is known that certain genes can be
alternately active and inactive over short periods of time. In fact,
patterns of gene activity in the living cell are in a state of constant
flux.
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Genetic control of enzyme synthesis can be exercised at several
levels, transcriptional, translational or epigenetic. Transcription
involves the production of specific mRNA which codes for the synthesis
of specific proteins. Translation is affected through the decoding of
the message contained in mRNA and the subsequent synthesis of the
corresponding protein* After an enzyme is formed, it can be modified
epigenetically by agents that induce structural changes in protein
molecules*
The rate of growth and the pattern of differentiation in plants
are influenced by chemical agents. Many of these plant growth regula
tors are produced by the plant and act at a location removed from the
site of synthesis. Hormones have been shown to be among the primary
controllers of tissue function. Plant hormones influence cells by
determining the rate and pattern of cellular metabolism, although the
exact meehanism(s) by which this is accomplished is unknown. According
to Phillips (1971} plant hormones control development by regulating
nucleic acid and protein synthesis.
In addition to proposed regulation at the level of gene activity,
Davidson (1965) suggested other mechanisms of hormonal control of
differentiation. For example, it is thought that hormones in some
instances act as coenzymes in enzymatic reactions or that hormones
activate pre-existing enzymes. Additional suggestions relating to the
mechanism of hormonal control include the ideas that hormones modify
the outer membrane of cells or that hormones directly affect the physi
cal state of cellular components.
IAA is known to play a role in the differentiation of plant cells.
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IAA as well as other auxins promote cell enlargement at concentrations
less than a mM. Auxins unlike gibberellins inhibit the elongation of
roots. Galston (1969) reported that addition of small quantities of
IAA enhance growth in proportion to the concentration of auxin (IAA)
added within certain limits. Whereas, numerous effects of auxins on
various biological systems have long been apparent, the mode of auxin
action remains unclear.
Various approaches are being employed to elucidate the mode of
auxin action. One such approach involves studies that seek to identify
structural properties of molecules that enable them to induce hormonal
effects. Secondly, the physical changes in plant cells that can be
associated with growth are examined in terms of their relationship to
the effects of growth hormones. Thirdly, attempts are being made to
identify hormone receptor sites. Lastly, attempts are undertaken to
determine the mechanism of auxin action by studying biochemical changes
induced by plant hormones (Phillips, 1971).
Several proposed mechanisms of auxin action are under investiga
tion. Various methods have been proposed that attempt to account for
the effect of XAA on cell enlargement. For example, it is thought that
auxin can promote cell enlargement by influencing gene activity,
changing properties of the cell wall, modulating the activity of
certain pre-existing enzymes and/or initiating certain metabolic
processes. The fact that some of these mechanisms are perhaps inter
locked, adds to the complexity of the problem. However, it is reasoned
that a biochemical approach to this problem perhaps holds a vital key
to this unsolved problem.
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It is the aim of current research to describe in molecular terms
the nature of the mechanisms that differentiate cells by selectively
calling forth a restricted fraction of the genetic potentialities.
Since the distinction among differentiated cells can be largely attri
buted to different enzymatic composition, factors that in effect alter
gene activity and/or enzyme activity are being investigated (Markert
and Ursprung, 1971). Therefore, characterization of enzyme systems
treated with IAA is beneficial. Especially significant are biochemical
studies that employ various metabolic inhibitors. Such studies enable
researchers to determine the level(s) at which auxins exert their effect.
It is believed that one or more metabolic processes is involved
in the cell enlargement process. This belief is based on observation
of Nooden and Thimann (1963) that the lag phase prior to auxin-induced
increases in the elongation of coleoptile sections has a Q^q of 2. Pro
tein synthesis has been implicated as such approcess. In artichoke
tissue slices auxin has been shown to greatly promote the formation of
protein. Since it was found that this auxin-induced growth is power
fully inhibited by actinomycin D a dependence of growth on the synthesis
of RNA is suggested. In fact, data from these as well as other experi
ments employing various inhibitors indicate that the site of IAA action
during cell enlargement may be a nucleic acid system controlling the
synthesis of an essential protein (Noodin and Thimann, 1963).
Cleland (1971) reported that the ability of cells of Avena
coleoptiles to undergo rapid cell elongation is limited by the avail
ability of certain proteins referred to as Growth-limiting proteins
(GLP'S). Cleland proposes that the GLP'S are involved in some way in
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loosening process associated with auxin induced cell elongation. It is
suggested that auxin can perhaps divert the flow of GLP to a cellular
compartment where it becomes active in cell elongation. Cleland used
evidence obtained in studies of elongation of Avena coleoptiles treated
with auxin and cyclohexind.de to support his view that auxin influences
the size of the GLP pool. Penny (1971) noted that growth promotion by
auxin of lupine hypocotyls does not require protein synthesis. Instead,
it seems that the action of auxin depends on the existing pool of GLP'S
which is rapidly depleted. Protein synthesis at this point is required
for continued elongation*
Inhibitor studies using actinomycin D, 5-fluorodeoxyuridine and
cycloheximide yielded results that showed that IM (5.0 mg/liter)
probably influences elongation in etiolated stem segments of Salix
tetrasperma by triggering enzyme protein synthesis. These studies of
Jain and Nanda (1972) further support the idea that IM can affect
growth promoting enzyme synthesis at the transcriptional level.
Lee (1971) suggested a requirement for both RNA and protein syn
thesis in the promotion of IAA oxidase isoenzymes by IAA. Inhibition
of the formation of fast-moving peroxidase forms by actinomycin D and
cycloheximide reflects regulation of transcription and translation as
a mode of IAA control of differentiation. Galston and Kaur (1961) also
suggested that various auxins trigger a fundamental change in the con
figuration of cytoplasmic protein molecules. This view is based on the
observation that 2, 4-dichlorophenoxyacetic acid and other auxins de
crease the heat coagulability of proteins in green and etiolated pea
stem segments.
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IAA as well as other plant hormones are known to affect the syn
thesis and activity of enzymes. Of course, the mode of action and the
effect of IAA on specific enzyme activity during cellular differentia
tion remains essentially obscure. A study of the effect of IAA on
plant esterases is advantageous since esterase enzymes are known to
change as a function of differentiation and neoplastic transformation
(Jooste and Moreland, 1963). These investigators reported that ester
ases differ with the stage of cellular differentiation as well as with
the environmental conditions during growth. Rudolph and Stahmann (1966)
reported that esterases are readily localized at places of cell division
and in wound meristems. Decrease in esterase activity has been shown
to be associated with halo blight infected leaves and black rot infected
sweet potato roots.
Malate dehydrogenase is an enzyme associated with cellular respi
ration. Danner and Ting (1967} asserted that C02 metabolism to form
malic acid in corn root tips is mediated in part by three enzymes, one
of which is soluble MDH. It has been shown that the activity of MDH
enzyme systems are affected by tumor producing agents. The activity of
MDH subbands in viral and chemically induced tumor extracts from hamster
muscle is reported to have been reduced or completely absent in compari
son to that of control tissue (Prasad et al.» 1972).
According to Van Fleet (1959) peroxidase is detectable in all
plant tissues but it appears to be most active in rapidly dividing cells.
Localized reactions for peroxidase were found to occur in the axils of
leaf primordia prior to bud formation. Peroxidases were also reported
to occur on the surface of apical meristems in a spiral pattern denoting
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the points of the future development of leaf primordia. Van Fleet
further states that peroxidases are detectable in advance of or after
cell division. Van Fleet proposed that peroxidases may then catalyze
the reduction of hydrogen acceptors essential to cell division. Cells
containing oxidizable materials, protected from oxidation during
dormancy, are said to be induced to divide by the activation of the
peroxidase system. Raa (1973) also stated that tissue differentiation
in plants parallels a specific and ordered change in the pattern of
peroxidase isoenzymes. He further proposed that the presence of peroxi
dase in the nucleolus supports the ideas that the peroxidase is mainly
a ribosomal protein and not an artifact. The association of peroxidases
activity with the nucleus indicates to some researchers that peroxidases
are essential in the structural organization of chromosomes. It is
thought by some that peroxidase may have histone-like functions since
some peroxidases are basic proteins. Retig and Rudich (1972) suggested
that these enzymes may be actually one and the same enzyme or very
similar in nature. Therefore, it is proposed that peroxidase may act
as IAA oxidase to control the level of IAA in plant tissues. Rubery
(1971) asserted that one function of peroxidase may be to prevent the
accumulation of excess inhibitory concentrations of IAA.
It is apparent from various studies that the effect of IAA on
peroxidase isoenzymes varies with reference to the tissue system and
experimental conditions. Some data indicate that the peroxidase activity
of certain plant tissues rises significantly following treatment with
IAA. Galston (1956) reported that IAA treatment (10~7 M) of young pea
seedlings caused about a 75% increase in the total peroxidase activity
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of pea root apices. From results of a study of peroxidase activity
during the growth of Coleus, Kaminski (1971) reported that activity
increases rapidly with growth. He also suggested that this peroxidase
activity plays an indirect role in root initiation through its role in
cellular differentiation.
Ockerse et al* (1966) observed the effect of IAA on peroxidase
isoenzymes in stem sections of dwarf peas. They found that an eighth
isoenzyme that appears as the tissue elongates is repressed by applica
tion of IAA to excised stem sections. From their observations, these
investigators concluded that an interaction between IAA and peroxidase
may be important in the regulation of plant growth. Similarily,
Galston and Stafford (1970) found that IAA (10 micromolar) also in
hibits total peroxidase activity in tobacco pith tissue. Ihitmore
(1971) noted that IAA at a concentration of 0.017 mM inhibited the
formation of three peroxidase isoenzymes in wheat coleoptile tissue.
He further indicated that there was a significant reduction in peroxi
dase activity accompanying an increase in growth by elongation with IAA
treatment. Zymographs obtained in this study show that certain peroxi
dase isoenzymes are sensitive to IAA treatment while others are not.
Whitmore concluded that pexoxidase may be involved in coleoptile elonga
tion by its action as an IAA oxidase. Comparable results were reported
by Lee (1971). Lee found that the development of an anionic IAA oxidase
isoenzyme accompanied rapid growth, high water content, and friable
tissue. Inhibition of the formation of this anionic form by actinomycin
D and cycloheximide suggested a requirement for both RNA and protein
synthesis. Based on similar studies, it is proposed that the number and
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relative quantities of isoperoxidases vary according to plant organ,
environmental factors during growth, and age of the plant* It is also
reported that IM inhibits the formation of peroxidase isoenzymes in
excised tobacco pith (Leshem and Galston, 1971). It was found that a
phenol RNA extract of pith tissue inhibits and can completely prevent
development of a peroxidase isoenzyme during aseptic tissue culture.
Since the level of the effective RNA appears to be under the control of
IAA, this RNA may represent the molecular means by which IAA exerts its
effect on the peroxidase enzyme. Leshem and Galston proposed that this
RNA species plays a role in this inhibition of peroxidase since the
hormonal effect of IAA may be transferred by exogenously applied RNA
extracted from IAA treated cultures.
Finally, Birecka et al. (1973J observed that IAA inhibited the
development of an injury-induced isoperoxidase in sweet potato root
tissue. However, in tobacco pith, IAA was found to inhibit the forma
tion of an injury-induced form as well as promote the development of
other isoperoxidases. The data obtained using actinomycin D indicated
that the direct or indirect relationship between injury-induced iso
peroxidase and de novo synthesis of mRNA may be different in various
tissues. Likewise, the tissue's response to cycloheximide indicated
that the increase in injury-induced isoenzymes is essentially due to
the de novo synthesis. The observed differences in IAA and actinomycin
D effects on particular groups of tobacco pith isoperoxidases indicated
that the effects of IAA do not necessarily occur as a consequence of
the proposed action of the hormone on transcription (Birecka et al.,
1973;.
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Ileetrephoretle characterization of isoenzyraes in IAA treated
gamma irradiated wheat provides a means of studying the effect of IAA
on the process of cell enlargement solely. liSheat seedlings grown from
air-dry seeds exposed to 800 kilorads of Cd60 gamma rays can germinate
and produce small gamma plantlets. These seedlings develop without
undergoing DNA synthesis, mitosis, and cell division. Such growth is
reported to be sustained by metabolism and gives typical growth respon
ses to hormones such as gibberellic acid (Foard and Haber, 1961). For
these reasons, Haber and Foard (1964) suggested that these gamma
plantlets provide an organism suitable for in vivo studies of metabolic
and physiological changes associated with differentiation and IAA
effects. Studies of Ananthaswamy et al. (1971) add to our knowledge of
the gamma irradiation of wheat. These investigators reported that cell
division in the meristematic zone is virtually eliminated without any
apparent effect on cell expansion. In these studies, growth of gamma
irradiation seedlings is due primarily to elongation of cells. In fact,
photosynthesis as well as enzyme activity are reported to occur in
gamma plantlets (Haber and Foard, 1964$ Ananthaswamy et al., 1971).
Haber and Foard (1964) reported a reduction in growth only in those
structures such as the coleoptile that are sensitive to radiation-
induced mitotic inhibition. In contrast, there is no growth reduction
observed in those structures such as the coleorhiza and epiblast that
develop without cell division. Smaller sizes attained by gamma plantlets
are largely attributed to radiation promoted mitotic inhibition rather
than to a lack of differentiation. However, some reports of damaging
effects of radiation treatment of different plant systems are found
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(Gordon, 1957 3 Sicard and Schwartz, 1959). Ananthaswamy et al. (1971)
reported that radiation damage of gibberellin-synthesis in wheat can be
counterbalanced by exogenously applied gibberellic acid (GA3) in seeds
irradiated at low dosage levels. These investigators further reported
that GA3 reversed the adverse effect of low dose radiation treatment
on ribonuclease activity in germinating wheat. Sideris et al. (1971)
also reported that treatment of irradiated plant organs with plant




Wheat seeds (unirradiated and gamma irradiated), Triticum vulgare
cv. Lemhi 70, were obtained from Oak Ridge National Laboratory, Oak
Ridge, Tennessee. Air dry grain was irradiated with 800 kilorads of
CO60 gamma rays at a dose rate from 6-7 Krads/min in a "Gammacell 200"
unit (Haber et al., 1969}.
Preparation of IAA
A stock solution of 1.23 X 10"2 M IAA was prepared by dissolving
0.5386 gm of IAA obtained from the Sigma Chemical Company in the small
est amount of N NaGH required to dissolve the solute completely (less
than 10 ml}. A sufficient volume of N HC1 was then added to adjust the
pH of the solution to 5.6-5.8. The resulting solution was diluted to a
volume of 250 ml with water, divided into 50 ml aliquots and stored in
glass bottles below 0 C. The millimolar IAA concentration used for seed
germination was obtained by dilution of the stock solution.
Germination, Harvesting and Preservation of Tissue
Twenty ml batches of grain were placed in glass covered Pyrex
baking dishes (11-3/4" X 7-1/2" X 1-3/4"} lined with paper towel
moistened with either 175 ml of water or mM IAA solution containing 100
mg of streptomycin sulfate per liter. Seeds were germinated at 19- 2 C
during the 16 hr photoperiod under 500 ft - c of warm white light
followed by an 8 hr dark period. Unirradiated seeds were germinated
16
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for 72 hr while gamma-irradiated seeds were allowed 144 hr to reach a
comparable state of anatomical and physiological development (Foard
and Haber, 1961). Unirradiated and gamma-irradiated seedlings of the
same age and size are morphologically and physiologically different
since gamma-plantlets develop at a slower rate (Figs* 1-2). However,
tissue is harvested at a point wherein unirradiated and gamma seedling
germinated over different growth periods are comparable in terms of
morphologidal and physiological development (Long and Haber, 1965). At
the end of the germination period, coleorhiza-epiblasts were excised,
frozen with solid C02, lyophilized and stored at 0 C for later use.
Extraction of Soluble Proteins
One hundred wheat coleorhiza-epiblasts were weighed and homogen
ized in a ml of tris-citrate buffer, pH 9.0, 0.075 M, containing 50$
sucrose, with a chilled mortar and pestle. A quantity of 0.0500 gm
and 0.1000 gm of clean, sterile sand was added to each sampling of
water-treated and IAA-treated tissue respectively to facilitate grinding.
The homogenate was transferred to centrifuge tubes using an additional
2-4 ml of homogenizing buffer and spun for 30 min at 10,000 rpm to re
move cell debris. The resulting supernatant was used for protein esti
mation or the electrophoretic separation of the isoenzymes.
Protein Estimation
Soluble proteins were precipitated overnight in the cold with 5%
trichloroacetic acid. The resulting protein precipitate was separated
from the supernatant by centrifugation for 30 min at 10,000 rpm. One
ml of N NaOH was added to the protein and heated for 20 min in a boiling
water bath. The resulting protein solution was diluted to 10 ml with
18
Fig. 1. Photograph of three-day old unirradiated
wheat germinated in water (A) or a
millimolar solution of IAA, (B) showing




Fig. 2. Photograph of nine-day old gamma irradi
ated seedling (800 Kr Co60 gamma rays;
germinated in water (A) or millimolar
solution of IM, (B) showing IAA-induced
cell enlargement of the coleorhiza-
epiblast. (Photograph from Haber, 1962)
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water. The quantity of protein present was determined by the Lowry
method using bovine serum albumin standards. Computer program V07,
designed to measure the degree of relatedness among measures was used
to analyze data (James Hogge, unpublished data).
Separation of Isoenzymes
Esterase, MDH and peroxidase isoenzymes were separated by vertical
flat bed disc electrophoresis in gradient pore polyacrylamide gels using
an Grtec high voltage pulsing system. The gradient pore gels were pre
pared by the layering of acrylamide solutions of varying concentrations
to form an electrophoretic matrix with discoid pores of differing
diameters.
The first layer; a 59 mm small pore or running gel, consisting of
8$ acrylamide and containing 2.5$ monomer, methylene bis-acrylamide, was
cast. Immediately afterwards, a 9 mm layer of gel of intermediate pore
size was layered over the 8$ layer. This second layer consisted of 6%
acrylamide and contained 2.5$ monomer. A layer of water was immediately
placed on top of the second layer and layers 1 and 2 were allowed to
polymerize for 20 rain. Afterwards, the water layer was removed and a
5 mm thick layer consisting of 4 - 4-1/2 acrylamide and 2.5$ monomer was
cast, water layered, and allowed to polymerize for at least 15 min.
These three layers of acrylamide gel were buffered at pH 9.0 with a
final tris-citrate concentration of 0.0375 M. After removal of the
water, a fourth layer, the well-forming layer, was placed on layer
three. This 8$ acrylamide layer contained 2.5$ methylene bis-acrylamide
buffered at pH 9.0 with 0.075 M tris-citrate. Twelve sample wells were
formed by inserting a twelve pronged well former into this layer and
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allowing 20 min for polymerization. The well former was then removed
and the wells rinsed with water (Ortec Incorporated, 1969).
For the separation of esterase isoenzymes, a volume of extract
containing 300 micrograms of protein was placed in each well. Aliquots
of extract containing 150 micrograms of protein were used for the
separation of peroxidases and MDH forms. The wells were then capped
with a gel of composition similar to that of the well forming gel.
After at least 20 min polymerization of the well capping gel, cells
containing gels loaded with crude extract were assembled in the Ortec
electrophoresis buffer tank.
The electrode buffer used for the separation of the peroxidase
and esterase isoenzymes was tris-borate, pH 9.0, 0.065 M. A tris-
glycine buffer, pH 8.4, 0.05 M was used for the separation of MDH
isoenzymes. Approximately 1 hr and 25 min was allowed for the complete
migration of samples from the wells to within a distance of 10 mm from
the lower edge of the gel. Power settings were increased at intervals
of 10 min by increments of 75 pulses per second (pps) until the initial
setting of 75 pps was increased to a maximum of 300 pps. When one cell
was run, a current of 325 volts was used. However, 400 volts were
utilized in the running of two cells (Ortec Incorporated, 1969). After
electrophoretic separations, gels were removed from casting cells and
enzymes localized by routine histochemical methods.
Localization of Enzyme Activity
Esterase activity was localized by visual detection of a brown
diazo dye formed by the coupling of napthol and the diazo salt, fast
blue RR. The napthol reacting with the salt was formed by the action
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of esterase isoenzymes on the substrate napthyl acetate* After incuba
tion for 5 min, the buffer was poured off and a solution of substrate
and complexing agent added. The substrate consisted of a gm of alpha-
naphthyl acetate dissolved in 100 ml of acetone. The complexing agent
contained 100 mg of fast blue RR in 100 ml of pH 6.6, 0.04 M tris-
chloride. After incubation at 37 C for 15 min with intermittent
agitation; the reaction was stopped with 100 ml of an acid-alcohol mix
containing 20 ml of 95% ethyl alcohol and 80 ml of 10$ aqueous glacial
acetic acid. The gels were subsequently stored in 10% aqueous acetic
acid solution (Allen et al., 1969).
MDH activity was indicated by the presence of reduced nitro blue
tetrazolium formed as a by-product of the oxidation of malic acid by
MDH. The reaction mixture contained O.ul gm nitro blue tetrazolium,
0.3 mg phenazine methosulfate, 0.03 gm sodium malate and 0.013 gm
nicotinamide adenine dinucleotide in 30 ml of tris-chloride buffer,
0.1 M, pH 8.5 (F. Roy Hunter, personal communication). The gel was in
cubated in this reaction mixture at 37 C for 20 min. Afterwards, gels
were held in 10% aqueous acetic acid.
Peroxidases were localized by detection of brown oxidized benzi-
dine formed when the substrate, peroxide, was reduced by peroxidases.
Localization procedures as described by Pearse (1960) were utilized.
The electrophoresed gel was incubated in a staining solution for at
least 15 min. This solution contained 90 ml of a benzidine solution
(0.050 gm of benzidine in 200 ml water at 80 C), 10 drops of 3JS peroxide,
10 ml of 5# ethylenediaminetetracetate adjusted to pH 6, and 10 ml of
saturated ammonium chloride. After incubation, the stained slab was
23




IAA caused more than a 1Q<$ increase in the dry weight of the
coleorhiza-epiblast of both unirradiated and gamma-irradiated wheat
embryos above those germinated in water only (Table 1}. The fact that
IAA-induced hypertrophy in both instances involves increased synthesis
of cellular components and is not due to nonmetabolic water uptake
confirms the findings of Haber (1962). Gamma irradiation appears to
exert an inhibitory effect on the rate of synthesis of new cellular
constituents. Since the extrapolated total dry weights of gamma
irradiated tissue germinated over a 3 day period are less than that of
their unirradiated counterparts) gamma irradiation appears to inhibit
IAA-induced synthesis of some cellular component(s). Exogenously
applied IAA counteracts radiation damage.
Protein Content
Data show that IAA is effective in promoting protein synthesis
since the protein per coleorhiza-epiblast was significantly increased
in both unirradiated and gamma-irradiated tissue treated with IAA. In
both instances this increase in protein content was accompanied by in
creased cell volume (Figs. l-2j Table 2). These observations support
the hypothesis that the induction of cell elongation by auxin involves
protein synthesis (Nooden and Thimann, 1963). These investigators
suggest that protein synthesis is a metabolic process involved in
24
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Table 1. The effect of IAA treatment and gamma-irradiation on the
average dry weight of wheat coleorhiza-epiblast.
Treatment Dry weight in Grams
Unirradiated water treated (control)
(3 days) 0.01126 t 0.0016 *
Unirradiated IAA treated
(3 days) 0.02441 * 0.00187
Gamma-irradiated water treated
(6 days) 0.01459 - 0.00065
Gamma-irradiated IAA treated
(6 days) 0.03963 ± 0.00753
* Mean at 95$ confidence limit. Each entry refers to 100
coleorhiza-epiblasts.
Table 2. The effect of IM treatment and gaama-irradiation on the protein
content of wheat coleorhiza-epiblast.
Treatment
Protein Content
Avg. protein/g dry wt. Avg. jig/protein
coleorhiza-epiblast
















*Mean at 95$ confidence limit. Each entry refers to 100 coleorhiza-epiblasts.
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auxin-induced cell enlargement.
Hans Burstrom (1951) indicated that as much as half of the pro
tein synthesis that takes place during the growth of isolated wheat
roots occurs during cell elongation. He based this statement on re
ports that increases in the supply of nitrogen to isolated wheat roots
can be correlated with increases in the rate of cell elongation. This
is said to indicate a connection between protein and enlargement.
Similarity, Thimann et al. (1951) asserted that the process of cell
elongation does involve considerable protein synthesis. Evins (1971)
reported that the rate of protein synthesis shows a doubling within
eight hours when barley is treated with the plant growth regulator,
GA3. Varner and Chandra (1964) also stated that observed (^-dependent
increase in alpha-amylase activity in barley is due to de novo synthe
sis of protein.
The extrapolated amount of protein in lAA-treated, gamma-irradi
ated wheat germinated over a 3 day period compared to protein content
of unirradiated, IM-treated tissue indicates that the extent to which
exogenously applied auxin induces protein synthesis is reduced. A
decrease in the protein content per gram of tissue in irradiated tissue
might suggest that some cellular constituent other than protein is
preferentially synthesized after irradiation treatment.
Plant hormones and: hormone synthesizing systems are radiation
sensitive. Studies of IAA synthesizing systems in tinirradiated and
irradiated potatoes showed that gamma irradiation impairs auxin meta
bolism. This impairment of auxin synthesis is thought to be a factor
in dormancy prolonged by gamma irradiation in potato tubers (Ussuf and
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Nair, 1970). Treatment of tubers with exogenously applied IM (20 ppm}
reversed the sprout inhibition of potato achieved by 1U Krad gamma irra
diation. Gordon (1958) also reported that ionizing radiation lowers
endogenous auxin levels, affects the auxin synthesizing system and
inhibits aldehyde oxidase which converts indoleacetic acid aldehyde to
IM in raung bean seedlings. Sideris et al. (1971) reported that
irradiation of barley seeds resulted in a reduction in the content of
gibberellin-like substance in seedlings. These investigators specu
lated that lowered levels of growth substances in irradiated plant
material may explain the depression of growth rates observed in the
seedlings from irradiated barley seeds.
Isoenzyme Profiles
Esterase.
Wheat coleorhiza-epiblast under these experimental conditions
have the potential of synthesizing at least eleven esterase forms that
can hydrolyze alpha-naphthylacetate (Figs. 3-4). Four bands of activ
ity (E5, E6, E7 and E9) appear to be affected by IM treatment. How
ever, E7 can also be repressed by the action of gamma irradiation. The
detection of one slow moving form, Elu, is apparently repressed by IM
treatment, but this IM-induced repression is counteracted by gamma
irradiation. Consequently, the induction or repression of the activity
or formation of these five esterase forms is associated with IM-induced
cell enlargement although it is not apparent whether these changes are
causal or resultant.
Gamma irradiation alone repressed esterase form E8. Gamma irradi
ation in combination with IM treatment induces the formation and/or
34
irradiation. MDH form M6 found only in gamma irradiated tissue is in
duced by the radiation treatment. Whereas, form M4 does not appear to
be affected by gamma irradiation or IAA treatment. Since no MDH forms
appear to be exclusively inhibited or repressed by IAA treatment, con
trol of MDH in IAA-induced cell enlargment appears to be of little con
sequence.
Peroxidase.
The peroxidase isoenzyme patterns are altered both qualitatively
and quantitatively by IAA treatment of the coleorhiza-epiblast of wheat.
Three peroxidases (PI, P3 and P4) are repressed by Iaa (Figs. 7-8). A
number of peroxidases present in the controls appear in very small
quantities in IAA treated tissue. Ockerse et al. (1966) reported
the repression of the foxmation of a peroxidase isoenzyme with con
comitant application of IAA to stem sections of dwarf peas. It is
postulated that the repression of this peroxidase prevents the depletion
of IAA.
Similarily, Birecka et al. (1973) observed a weak inhibitory
effect of IAA on one injury induced isoperoxidase in sweet potato root
sections. Response of this tissue to IAA in the presence of cyclohexi-
mide indicated that the increase in this enzyme is essentially due to
de novo synthesis. Other investigators describe studies that seemingly
suggest the ability of auxin to inhibit the formation of certain peroxi
dase isoenzymes (Whitmore, 1971). Additional evidence indicates a cor
relation between both RNA and protein synthesis and the inhibition of
the formation of certain IAA oxidases (Lee, 1971).
On the other hand, Lee reported that IAA at a low concentration
Fig* 6. Diagram and photograph of MDH changes associated
with IAA-induced cell enlargement of coleorhiza-
epiblast of 6-day old wheat seedlings from gamma
irradiated seeds germinated on towel moistened
with water (right half) and a millimolar solution





Fig. 5. Diagram and photograph of MDH changes associated
with IAA-induced cell enlargement of coleorhiza-
epiblast in 3-day old unirradiated wheat seed
ling germinated on towel moistened with water





activity of an anodic form El. Ananthaswaray et al. (1971) described an
interaction between gamma irradiation and the growth regulator, GA3.
It was reported that exogenously applied GA3 counterbalances impairment
of a possible endogeneous gibberellin-synthesizing system in wheat.
These investigators also indicated that GA3 treatment seems to counter
act the adverse effect of radiation to influence the detectability of
certain esterase forms and to interact with IAA» The assertion that
gamma irradiation seedlings provide an ideal system for studying changes
in esterase profiles associated with cell enlargement appears implausible.
The detection of four esterase isoenzymes of varying mobilities
(E2, E3, E4 and Ell) is not affected by IAA treatment or gamma irradia
tion. As a consequence, it is postulated that these isoenzymes are not
involved in IAA-induced cell enlargement. There appears to be a general
trend toward induced esterase activity associated with IAA treatment in
this study.
Malate dehvdrogenase.
Seven bands of MDH activity were detected in the coleorhiza-
epiblast of wheat. The activity or formation of two MDH forms (Ml and
M2) appear to be inducible by IAA treatment while their induction is
repressed by gamma irradiation (Figs. 5-6). This repression of MDH
correlates with Sydorenko's research as reported by Ananthaswaray et al.
(1971). Sydorenko found that isocitric dehydrogenase is one of three
enzymes whose activity is decreased in germinating irradiated corn.
The activity or formation of MDH form M3 is repressed by IAA. The
appearance and/or activity of a MDH form (M5) is apparently repressed
and another form, M7, induced by IAA treatment in combination with gamma
Fig. 4. Diagram and photograph of esterase changes associated
with IAA-induced cell enlargement of coleorhiza-
epiblast of 6-day old wheat seedlings from gamma
irradiated seeds germinated on towel moistened with







Fig. 3. Diagram and photograph of esterase changes associated
with IAA-induced cell enlargement of coleorhiza-
epiblast in 3-day old unirradiated wheat seedling
germinated on towel moistened with water (right half)
or a milliraolar solution of IM (left half).
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Fig. 7. Diagram and photograph of peroxidase changes
associated with IM-induced cell enlargement of
coleorhiza-epiblast in 3-day old unirradiated
wheat seedling germinated on towel moistened
with water (right half) or a raillimolar solution





overall effect of IAA on peroxidases seems to be one of repression.
Fig. 8. Diagram and photograph of peroxidase changes
associated with IAA-induced cell enlargement of
coleorhiza-epiblast of 6-day old wheat seedlings
from gamma irradiated seeds germinated on towel
moistened with water (right half) and a railli-
rnolar solution of IAA (left half).
CHAPTER V
SUMMARY
IAA-induced cell enlargement of wheat coleorhiza-epiblast is
accompanied by increased synthesis of cellular constituents, especially
proteins. Gamma irradiation can affect IAA-induced synthesis such that
cellular components other than proteins are preferentially synthesized.
Specific changes in the isoenzyme profiles of esterase and peroxidase
isoenzymes are associated with IAA treatment of this tissue. A general
trend toward increased synthesis and/or activity of esterases is
apparent while peroxidases as a whole are repressed. Control of MDH
forms appear to be of little consequence in cell enlargement since no
MDH forms are affected solely by IAA treatment. IAA and gamma irradia
tion can interact to affect the activity of certain enzyme systems.
Therefore, studies of gamma irradiated tissues should selectively in
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can promote the development of two fast moving IAA oxidase isoenzymes*
The development of these forms was accompanied by rapid growth, high
water content and friable tissue. William Jensen (1955) also pointed
out observations that peroxidase activity of certain plant tissues
rises significantly foloowing IAA treatment. He implied that this in
crease is related to the induced formation of IAA oxidase of which
peroxidase is thought to be a component. Van Fleet (1959) notes that
peroxidase is detectable in all tissues but is most reactive in the
basophilic cells of the histogens.
The activity and/or formation of three peroxidases (PI, P3, and
P4) is repressed by IAA treatment of the coleorhiza-epiblast of wheat.
Also, a number of peroxidases present in the controls appear in very
small quantities in IAA treated tissue. Leshem and Galston (1971)
reported that as well as inhibiting new peroxidase activity in excised
tobacco pith, IAA, after 48 hr, acts to induce another isoenzyme. These
investigators have demonstrated that a RNA species may represent the
molecular means through which IAA can exert its effect on peroxidases.
Regardless of the mode of action, it is quite apparent that IM can in
fluence the activity and/or formation of certain peroxidases. However,
five peroxidases (P5, P6, P9, P10 and Pll) were observed to be un
affected by IAA and/or gamma irradiation.
In reference to gamma irradiation, the peroxidase, P2 was induced
by irradiation while another form, P4, was seemingly repressed by irradi
ation. Sydorenko, according to Ananthaswamy et al. (1971), found de
creased catalase and peroxidase activity on germination in corn irradi
ated at high dose levels (80 kilorads). In contrast to esterases, the
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